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An endoscope has an insertion portion inserted through a
living body, an illumination fiber arranged at a distal end of
the insertion portion and irradiates the living body with
illumination light, a detection fiber which detects return light
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1
ENDOSCOPE AND ENDOSCOPE
APPARATUS HAVING PIEZOELECTRIC
ELEMENT WHICH SWINGS A FREE END
OF AN OPTICAL ELEMENT THROUGH A
JOINING MEMBER

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation-in-part application of
PCT/IP2012/074356 filed on Sep. 24, 2012 and claims
benefit of Japanese Application No. 2011-245690 filed in
Japan on Nov. 9, 2011, the entire contents of which are
incorporated herein by this reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an endoscope and an
endoscope apparatus and, more particularly, to an endoscope
and an endoscope apparatus capable of stably driving an
illumination fiber.

2. Description of the Related Art

A conventional scanning endoscope apparatus causes a
distal end of an illumination fiber which guides light from a
light source to perform scanning, receives return light from
a subject with an optical fiber bundle which is arranged
around the illumination fiber, converts chronologically
detected light intensity signals into images.

For example, Japanese Patent Application Laid-Open
Publication No. 2009-212519 discloses a scanning endo-
scope apparatus in which an illumination fiber is threaded
through a piezoelectric element having a cylindrical shape,
and the illumination fiber is resonated by two-dimensionally
distorting the piezoelectric element to perform scanning
with light.

Japanese Patent Application Laid-Open Publication No.
2010-513949 discloses a scanning endoscope apparatus in
which a space between a piezoelectric element and a fiber
for illumination is filled with an adhesive material, such as
abead, to fix together and integrate the piezoelectric element
and the fiber for illumination.

Japanese Patent Application Laid-Open Publication No.
2011-4929 proposes an endoscope apparatus which senses
temperature of a distal end portion of an insertion portion
and performs feedback scanning and algorithm correction.

SUMMARY OF THE INVENTION

An endoscope according to one aspect of the present
invention includes an insertion portion which is inserted
through a living body, an optical element which is arranged
at a distal end of the insertion portion and irradiates the
living body with illumination light, a light-receiving portion
which detects return light from the living body, a drive
section which swings a free end of the optical element, and
a joining member which has a through-hole based on a
diameter of the optical element and is arranged between the
optical element and the drive section, wherein the drive
section has a first drive section which is arranged at a first
side face of the joining member and a second drive section
which is arranged at a second side face of the joining
member that is different from a face point-symmetric to the
first side face with respect to an axial direction of the optical
element.

An endoscope apparatus according to one aspect of the
present invention includes an endoscope having an insertion
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portion which is inserted through a living body, an optical
element which is arranged at a distal end of the insertion
portion and irradiates the living body with illumination light,
a light-receiving portion which detects return light from the
living body, a drive section which swings a free end of the
optical element, and a joining member which has a through-
hole based on a diameter of the optical element and is
arranged between the optical element and the drive section,
and a body apparatus having a control section which pro-
duces a drive signal to be outputted to the drive section of
the endoscope. The drive section has a first drive section
which is arranged at a first side face of the joining member
and a second drive section which is arranged at a second side
face of the joining member that is different from a face
point-symmetric to the first side face with respect to an axial
direction of the optical element, and the control section
produces a first drive signal to be outputted to the first drive
section and a second drive signal to be outputted to the
second drive section and controls a phase difference between
a phase of the first drive signal and a phase of the second
drive signal on the basis of the number of axes of vibration.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view showing a configuration of an endoscope
apparatus having an endoscope according to a first embodi-
ment;

FIG. 2 is a cross-sectional view of an actuator according
to the first embodiment;

FIG. 3A is a chart for explaining an example of a signal
waveform supplied to the actuator;

FIG. 3B is a chart for explaining an example of a signal
waveform supplied to the actuator;

FIG. 4 is a view for explaining an example of a scan
trajectory of an illumination fiber;

FIG. 5 is a view for explaining another configuration
example of the actuator;

FIG. 6 is a view for explaining another configuration
example of the actuator;

FIG. 7 is a view showing a configuration of an endoscope
apparatus having an endoscope according to a second
embodiment; and

FIG. 8 is a cross-sectional view of an actuator according
to the second embodiment.

FIG. 9 is a cross-sectional view of the actuator according
to the first embodiment along the Y-axis in FIG. 2.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Embodiments of the present invention will be described
below with reference to the drawings.

First Embodiment

A first embodiment will be described below.

A configuration of an endoscope apparatus having an
endoscope according to the first embodiment will be
described first with reference to FIGS. 1 and 2.

FIG. 1 is a view showing the configuration of the endo-
scope apparatus having the endoscope according to the first
embodiment. FIG. 2 is a cross-sectional view of an actuator
according to the first embodiment.

As shown in FIG. 1, an endoscope apparatus 1 is config-
ured to have a scanning endoscope 2 which irradiates a
subject with illumination light during scanning and obtains
return light from the subject, a body apparatus 3 which is
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connected to the endoscope 2, and a monitor 4 which
displays a subject image obtained by the body apparatus 3.

The endoscope 2 is mainly composed of a tubular body
having predetermined flexibility and has an elongated inser-
tion portion 11 which is to be inserted through a living body.
A distal end portion 12 is provided on a distal end side of the
insertion portion 11. A connector and the like (not shown)
are provided on a proximal end side of the insertion portion
11. The endoscope 2 is configured to be detachable from the
body apparatus 3 via the connector and the like.

A distal end optical system 13 which is composed of
illumination lenses 13a and 135 is provided at a distal end
face of the distal end portion 12. Inside the insertion portion
11, an illumination fiber 14 as an optical element which is
inserted from the proximal end side toward the distal end
side, guides light from a light source unit 24 (to be described
later), and irradiates a living body with illumination light
and an actuator 15 which is provided on a distal end side of
the illumination fiber 14 and causes a distal end of the
illumination fiber 14 to perform scanning in a desired
direction on the basis of a drive signal from a driver unit 25
(to be described later) are provided. With the configuration,
an object is irradiated with illumination light from the light
source unit 24 which is guided by the illumination fiber 14.

Inside the insertion portion 11, a detection fiber 16 as a
light-receiving portion which is inserted from the proximal
end side toward the distal end side along an inner circum-
ference of the insertion portion 11 and receives return light
from a subject is also provided. A distal end face of the
detection fiber 16 is arranged around the distal end optical
system 13 at the distal end face of the distal end portion 12.
The detection fiber 16 may be a bundle of at least two fibers.
When the endoscope 2 is connected to the body apparatus 3,
the detection fiber 16 is connected to a demultiplexer 36 (to
be described later).

Inside the insertion portion 11, a memory 17 which stores
various types of information on the endoscope 2 is further
provided. When the endoscope 2 is connected to the body
apparatus 3, the memory 17 is connected to a controller 23
(to be described later) via a signal line (not shown), and the
various types of information on the endoscope 2 is read out
by the controller 23.

The body apparatus 3 is configured to have a power
source 21, a memory 22, the controller 23, the light source
unit 24, the driver unit 25, and a detection unit 26.

The light source unit 24 is configured to have three light
sources 31a, 315, and 31c¢ and a multiplexer 32.

The driver unit 25 is configured to have a signal generator
33, digital/analog (hereinafter referred to as D/A) converters
34a and 34b, and an amplifier 35.

The detection unit 26 is configured to have the demulti-
plexer 36, detectors 37a to 37¢, and analog/digital (herein-
after referred to as A/D) converters 38a to 38c.

The power source 21 controls supply of power to the
controller 23 in accordance with an operation of a power
switch or the like (not shown). A control program and the
like for control of the entire body apparatus 3 are stored in
the memory 22.

When the controller 23 is supplied with power from the
power source 21, the controller 23 reads out the control
program from the memory 22, controls the light source unit
24 and the driver unit 25, and performs control that analyzes
light intensity of return light from an object which is
detected by the detection unit 26 and displays an obtained
object image on the monitor 4.

The light sources 31a, 315, and 31c¢ of the light source
unit 24 emit light components in different wavelength bands,
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such as light components in R (red), G (green), and B (blue)
wavelength bands, to the multiplexer 32 under control of the
controller 23.

The multiplexer 32 multiplexes the light components in
the R, G, and B wavelength bands emitted from the light
sources 31a, 315, and 31c¢ and emits multiplexed light to the
illumination fiber 14.

The signal generator 33 of the driver unit 25 outputs a
drive signal for causing the distal end of the illumination
fiber 14 to perform scanning in the desired direction, e.g., in
a spiral manner, under control of the controller 23. More
specifically, the signal generator 33 outputs a drive signal
which drives the distal end of the illumination fiber 14 in
leftward and rightward directions (in an X-axis direction)
with respect to an insertion axis of the insertion portion 11
to the D/A converter 34a and outputs a drive signal which
drives the distal end in upward and downward directions (in
a Y-axis direction) with respect to the insertion axis of the
insertion portion 11 to the D/A converter 345.

The D/A converters 34a and 345 convert the respective
inputted drive signals from a digital signal into an analog
signal and output the converted drive signals to the amplifier
35. The amplifier 35 amplifies the inputted drive signals and
outputs the amplified drive signals to the actuator 15.

The actuator 15 as a drive section swings the distal end (a
free end) of the illumination fiber 14 on the basis of the drive
signals from the amplifier 35 to perform scanning in a spiral
manner. With the configuration, a subject is sequentially
irradiated with light emitted from the light source unit 24 to
the illumination fiber 14 in a spiral manner.

The detection fiber 16 receives return light which is
reflected by a surface region of the subject and guides the
received return light to the demultiplexer 36.

The demultiplexer 36 is, for example, a dichroic mirror
and demultiplexes the return light in predetermined wave-
length bands. More specifically, the demultiplexer 36 demul-
tiplexes the return light guided by the detection fiber 16 into
return light components in the R, G, and B wavelength bands
and outputs the return light components in the R, G, and B
wavelength bands to the detectors 37a, 375, and 37¢, respec-
tively.

The detectors 37a, 37b, and 37¢ detect light intensity of
the return light components in the R, G, and B wavelength
bands, respectively. Light intensity signals detected by the
detectors 37a, 37h, and 37¢ are outputted to the A/D
converters 38a, 38b, and 38c¢, respectively.

The A/D converters 38a to 38¢ convert the light intensity
signals respectively outputted from the detectors 37a to 37¢
from an analog signal into a digital signal and output the
converted light intensity signals to the controller 23.

The controller 23 subjects the digital signals from the A/D
converters 38a to 38¢ to predetermined image processing to
produce an object image and displays the object image on
the monitor 4.

A detailed configuration of the actuator 15 provided inside
the insertion portion 11 will be described with reference to
FIG. 2.

As shown in FIG. 2, a ferrule 41 as a joining member is
arranged between the illumination fiber 14 and the actuator
15. The ferrule 41 is a member used in a field of optical
communication, and zirconia (ceramic), nickel, or the like is
used as the material. Center hole drilling with high accuracy
(e.g., £1 um) with respect to an outer diameter (e.g., 125 um)
of the illumination fiber 14 can be easily implemented.

As shown in FIG. 2, the ferrule 41 is a rectangular column
and has side faces 42a and 42¢ which are perpendicular to
the X-axis direction and side faces 426 and 42d which are
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perpendicular to the Y-axis direction. Note that the ferrule 41
is not limited to a rectangular column and may be a
polygonal column. A through-hole 414 based on a diameter
of the illumination fiber 14 is provided substantially at a
center of the ferrule 41. The ferrule 41 is subjected to center
hole drilling, and the illumination fiber 14 is fixed to the
ferrule 41 with, e.g., an adhesive. More specifically, the
ferrule 41 is provided such that the through-hole 41a is
located at centers of a nearer end and a farther end face in
the ferrule 41 and holds the illumination fiber 14 as an
optical fiber. The center hole drilling is performed to mini-
mize a clearance (space), and an adhesive layer is made as
thin as possible. A low-viscosity adhesive is used as the
adhesive.

The actuator 15 is composed of actuators 15a to 154. The
actuators 15a to 154 are located at the respective side faces
42a to 42d, respectively, of the ferrule 41 as the rectangular
column. The actuators 15a to 154 are, for example, piezo-
electric elements (piezo elements) and each expand or
contract in accordance with a drive signal from the driver
unit 25. In particular, the actuators 15a and 15¢ are driven in
accordance with a drive signal from the D/A converter 34a
while the actuators 155 and 154 are driven in accordance
with a drive signal from the D/A converter 34b. With the
configuration, the actuators 154 to 154 swing the distal end
of the illumination fiber 14 and cause the distal end of the
illumination fiber 14 to perform scanning in a spiral manner.
Note that the actuators 154 to 154 are not limited to
piezoelectric elements and may be, for example, coils which
are electromagnetically driven.

FIG. 9 is a cross-sectional view of the actuator according
to the first embodiment along the Y-axis in FIG. 2. The
actuators 15a to 154 are formed in a flat plate shape. More
specifically, as shown in FIG. 9, the plate-shaped actuators
15a to 154 are respectively attached to the side faces 42a to
42d of the rectangular column-shaped ferrule 41 with elec-
trically-conductive adhesive or the like. With such a con-
figuration, even the illumination fiber 14 having a circular
cross section (see FIG. 2) and a thin diameter is used, the
ferrule 41 is capable of stably holding the actuators 15a to
15d, and also capable of improving the transmission effi-
ciency of the vibration. Note that FIG. 9 illustrates only the
actuators 156 and 154 respectively attached to the side faces
42b and 42d. However, it is supposed that also the actuators
15a and 15¢ are respectively attached to the side faces 42a
and 42c.

In addition, as shown in FIG. 9, drive signal lines 43a to
43d are respectively connected to outer faces of the actuators
15a to 15d, and the drive signal from the amplifier 35 of the
driver unit 25 is supplied to the drive signal lines. Note that
FIG. 9 illustrates only the drive signal lines 435 and 43d
respectively connected to the outer faces of the actuator 156
and 15d. However, it is supposed that also the drive signal
lines 43a and 43¢ are respectively connected to the outer
faces of the actuators 15a and 15c.

The drive signal is supplied to the drive signal lines 43a
and 43¢, in order to cause the distal end of the illumination
fiber 14 to swing along the X-axis in FIG. 2. In addition, the
drive signal is supplied to the drive signal lines 435 and 434,
in order to cause the distal end of the illumination fiber 14
to swing along the Y-axis in FIG. 2.

If a conductive material, such as nickel, is used for the
ferrule 41, the ferrule 41 itself is made to serve as a GND
electrode for the actuators 154 to 154. If a non-conductive
material, such as zirconia, is used for the ferrule 41, a surface
of the ferrule 41 is subjected to conductive film processing,
and the surface is made to serve as the GND electrode for the
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actuators 15a to 15d. Furthermore, as shown in FIG. 9, the
GND electrode connected to a GND signal line 44 is
provided on a bottom face (more specifically, a surface
which is farthermost from the distal end face 14a of the
illumination fiber 14) of the ferrule 41 to ground (earth) the
electrode, thereby also enabling simple and stable driving.

As described above, in the endoscope 2, the insertion of
the ferrule 41 that is a joining member subjected to high-
accuracy center hole drilling between the actuator 15 and the
illumination fiber 14 makes the adhesive layer required to fix
the illumination fiber 14 and the ferrule 41 as thin as
possible, minimizes effects of a change in temperature, and
implements stable driving of the illumination fiber 14.

Action of the endoscope apparatus 1 with the above-
described configuration will be described.

FIGS. 3A and 3B are charts for explaining examples of a
signal waveform supplied to the actuator 15. FIG. 4 is a view
for explaining an example of a scan trajectory of the
illumination fiber 14.

FIG. 3A is a signal waveform of a drive signal which is
outputted from the D/A converter 34a via the amplifier 35.
The signal waveform belongs to a drive signal for driving
the illumination fiber 14 in the X-axis direction and is
supplied to the actuators 154 and 15c¢.

FIG. 3B is a signal waveform of a drive signal which is
outputted from the D/A converter 345 via the amplifier 35.
The signal waveform belongs to a drive signal for driving
the illumination fiber 14 in the Y-axis direction and is
supplied to the actuators 156 and 15d.

The signal waveform for the Y-axis direction is a signal
waveform which is 90° out of phase with the signal wave-
form for the X-axis direction. More specifically, a phase
difference between the signal waveform for the X-axis
direction and the signal waveform for the Y-axis direction is
calculated by (equation 1) below if the number N of axes of
vibration is an even number and is calculated by (equation
2) below if the number N of axes of vibration is an odd
number.

phase difference=360°/(2xthe number N of axes of

vibration) (equation 1)

phase difference=360°/the number N of axes of

vibration (equation 2)

Since the number N of axes of vibration is 2 (an even
number: an X-axis and a Y-axis) in the present embodiment,
the phase difference is calculated to be 90° from (equation
1) above.

As described above, the driver unit 25 produces a first
drive signal which is outputted to the actuators 15¢ and 15¢
and a second drive signal which is outputted to the actuators
15b and 154 and constitutes a control section which controls
a phase difference between a phase of the first drive signal
and a phase of the second drive signal on the basis of the
number N of axes of vibration.

As shown in FIGS. 3A and 3B, the signal waveforms
increase gradually in amplitude from time T1 to time T2 and
have maximum amplitude values at time T2. The signal
waveforms then decrease gradually from time T2 to time T3
and have minimum amplitude values at time T3.

A scan trajectory of the illumination fiber 14 in the case
is a trajectory shown in FIG. 4. The distal end of the
illumination fiber 14 is located at an intersection O of the
X-axis and the Y-axis at time T1. When the signal wave-
forms increase in amplitude from time T1 to time T2, the
distal end of the illumination fiber 14 performs scanning in
a spiral manner outward from the intersection O. At time T2,
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the distal end is located, for example, at an intersection Y1
with the Y-axis. When the signal waveforms decrease in
amplitude from time T2 to time T3, the distal end of the
illumination fiber 14 performs scanning in a spiral manner
inward from the intersection Y1, which is not shown. At
time T3, the distal end is located at the intersection O.

As described above, the endoscope 2 is configured such
that the ferrule 41 that is the joining member subjected to the
high-accuracy center hole drilling is inserted between the
actuator 15 and the illumination fiber 14. The configuration
makes the adhesive layer required to fix the illumination
fiber 14 and the ferrule 41 as thin as possible and minimizes
effects of a change in temperature.

Thus, in an endoscope according to the present embodi-
ment, an adhesive layer which fixes an illumination fiber has
been thinned to reduce effects of a change in temperature.
With the configuration, the endoscope can stably drive the
illumination fiber.

(Modification)

Other configuration examples of the actuator will be
described with reference to FIGS. 5 and 6.

FIGS. 5 and 6 are views for explaining the other configu-
ration examples of the actuator.

Although the actuators 15a to 154 are provided at the
respective side faces 42a to 424 of the ferrule 41 in FIG. 2,
the actuators 15a and 155 are provided at the side faces 42a
and 425 of the ferrule 41 in FIG. 5. If the number M of side
faces of the ferrule 41 is an odd number, M actuators need
to be provided. On the other hand, if the number M of side
faces of the ferrule 41 is an even number, at least M/2 (M is
the number of side faces) actuators may be provided. Since
the number M of side faces is 4 in the present embodiment,
at least two actuators, the actuators 15a and 1556 in the
modification, may be provided.

The actuator 15a is arranged at the side face 42a as a first
side face of the ferrule 41, and the actuator 155 is arranged
at the side face 424 as a second side face of the ferrule 41
that is different from the side face 42¢ point-symmetric to
the side face 424 with respect to an axial direction of the
illumination fiber 14. More specifically, the two actuators
15a and 1554 are arranged at either one of the side faces 42a
and 42¢ perpendicular to the X-axis and at either one of the
side faces 4256 and 42d perpendicular to the Y-axis.

The above-described configuration allows implementa-
tion of the scan trajectory in FIG. 4 with the number of
actuators smaller than the number of actuators in FIG. 2.

Shapes of the side faces 42¢ and 42d in FIG. 5 where the
actuators 15a¢ and 154 are not arranged are not limited to a
polygonal column. For example, as shown in FIG. 6, the
shapes may be a cylindrical shape.

Second Embodiment

A second embodiment will be described.

FIG. 7 is a view showing a configuration of an endoscope
apparatus having an endoscope according to the second
embodiment. FIG. 8 is a cross-sectional view of an actuator
according to the second embodiment. Note that components
in an endoscope apparatus 1a of FIG. 7 which are identical
to the components in the endoscope apparatus 1 according to
the first embodiment are denoted by identical reference
numerals and that a description of the components will be
omitted.

The endoscope apparatus la according to the present
embodiment is constructed using an endoscope 2a and a
body apparatus 3a instead of the endoscope 2 and the body
apparatus 3 in FIG. 1. The endoscope 24 is constructed using
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8
an actuator 50 instead of the actuator 15 in FIG. 1. The body
apparatus 3a is constructed using a driver unit 254 instead of
the driver unit 25 in FIG. 1.

As shown in FIG. 8, a ferrule 51 as a joining member is
arranged between an illumination fiber 14 and the actuator
50. The ferrule 51 is a triangular column and has a side face
52a which is perpendicular to an A-axis, a side face 52b
which is perpendicular to a B-axis, and a side face 52¢ which
is perpendicular to a C-axis. A through-hole 51a based on a
diameter of the illumination fiber 14 is provided substan-
tially at a center of the ferrule 51, as in the first embodiment.
The ferrule 51 is subjected to center hole drilling, and the
illumination fiber 14 is fixed to the ferrule 51 with, e.g., an
adhesive.

As shown in FIG. 8, the actuator 50 is composed of an
actuator 50a which swings a distal end of the illumination
fiber 14 in an A-axis direction, an actuator 505 which swings
the distal end in a B-axis direction, and an actuator 50c
which swings the distal end in a C-axis direction. The
actuators 50a to 50c¢ are arranged at the side faces 52a to
52c, respectively, of the ferrule 51.

The driver unit 254 is constructed by adding a D/A
converter 34c¢ to the driver unit 25 in FIG. 1. A signal
generator 33 of the driver unit 254 outputs a drive signal
which drives the distal end of the illumination fiber 14 in the
A-axis direction in FIG. 8 to a D/A converter 34a, outputs
a drive signal which drives the distal end in the B-axis
direction to a D/A converter 345, and outputs a drive signal
which drives the distal end in the C-axis direction to the D/A
converter 34¢, under control of a controller 23.

The D/A converters 34a to 34c¢ convert the respective
inputted drive signals from a digital signal into an analog
signal and output the converted drive signals to an amplifier
35. The amplifier 35 amplifies the inputted drive signals and
outputs the amplified drive signals to the actuator 50. More
specifically, the amplifier 35 supplies the drive signal input-
ted from the D/A converter 344 to the actuator 50a, supplies
the drive signal inputted from the D/A converter 345 to the
actuator 505, and supplies the drive signal inputted from the
D/A converter 34c to the actuator 50c. Since the number N
of axes of vibration in the present embodiment is 3 (an odd
number: the A-axis, the B-axis, and the C-axis), phase
differences among signal waveforms of the drive signals
supplied to the actuators 50a to 50c are calculated to be 120°
respectively from (equation 2) above. That is, a signal
waveform 120° out of phase with a signal waveform sup-
plied to the actuator 50q is supplied to the actuator 505, and
a signal waveform 240° out of phase with the signal wave-
form supplied to the actuator 50a is supplied to the actuator
50c¢. With the supply of the drive signals to the actuators 50a
to 50c¢, the distal end of the illumination fiber 14 is made to
perform scanning in a spiral manner. A subject is sequen-
tially irradiated with light emitted from a light source unit 24
to the illumination fiber 14 in a spiral manner.

The signal generator 33 of the driver unit 25 outputs a
drive signal for causing the distal end of the illumination
fiber 14 in a desired direction, e.g., in a spiral manner, under
control of the controller 23. More specifically, the signal
generator 33 outputs a drive signal which drives the distal
end of the illumination fiber 14 in leftward and rightward
directions (in an X-axis direction) with respect to an inser-
tion axis of an insertion portion 11 to the D/A converter 34a
and outputs a drive signal which drives the distal end in
upward and downward directions (in a Y-axis direction) with
respect to the insertion axis of the insertion portion 11 to the
D/A converter 34b.
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The D/A converters 34a and 345 convert the respective
inputted drive signals from a digital signal into an analog
signal and output the converted drive signals to the amplifier
35. The amplifier 35 amplifies the inputted drive signals and
outputs the amplified drive signals to the actuator 50. The
actuator 50 causes the distal end of the illumination fiber 14
to perform scanning in a spiral manner on the basis of the
drive signals from the amplifier 35. With the configuration,
a subject is sequentially irradiated with light emitted from
the light source unit 24 to the illumination fiber 14 in a spiral
manner.

As described above, in the endoscope 24, the ferrule 51 as
the triangular column is inserted between the actuator 50 and
the illumination fiber 14. As in the first embodiment, the
ferrule 51 can be subjected to high-accuracy center hole
drilling. It is thus possible to make thinner an adhesive layer
required to fix the illumination fiber 14 and the ferrule 51
and reduce effects of a change in temperature.

Therefore, in an endoscope according to the present
embodiment, an adhesive layer which fixes an illumination
fiber has been thinned to reduce effects of a change in
temperature, as in the first embodiment. With the configu-
ration, the endoscope can stably drive the illumination fiber.

The present invention is not limited to the above-de-
scribed embodiments and modification, and various
changes, alterations, and the like can be made without
departing from scope of the present invention.

What is claimed is:

1. An endoscope comprising:

an elongated insertion portion which is inserted in a

subject;

an optical element which is inserted from a proximal end

side to a distal end side of the insertion portion and
irradiates the subject with illumination light;

a plurality of piezoelectric elements which swing a free

end of the optical element; and

a joining member which holds the free end of the optical

element in a cantilever manner in a direction parallel to
a longitudinal direction of the insertion portion, such
that the free end of the optical element is unsupported
in a radial direction,

wherein the joining member includes a through-hole

provided from a proximal end face to a distal end face
of the joining member, the through-hole having a
diameter substantially similar to the diameter of the
optical element from the proximal end face to the distal
end face, each of the plurality of piezoelectric elements
being arranged on a side face of the joining member in
a state where the optical element is inserted in the hole,
and at least a surface of the joining member is formed
by a conductive material and is a ground electrode for
each of the plurality of piezoelectric elements.

2. The endoscope according to claim 1, wherein an
entirety of the joining member is a conductive member.

3. The endoscope according to claim 2, wherein the
joining member is made of nickel.

4. The endoscope according to claim 1, wherein the
joining member is a non-conductive member, a surface of
which is subjected to conductive film processing.

5. The endoscope according to claim 1, wherein the
joining member is a ferrule.

6. The endoscope according to claim 1, wherein the side
face includes first and second side faces, and the plurality of
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piezoelectric elements comprises first and second piezoelec-
tric elements arranged on the first and second side faces,
respectively.

7. The endoscope according to claim 6, wherein the
ground electrode is a single ground electrode common to the
first and second piezoelectric elements.

8. The endoscope according to claim 1, wherein an
entirety of the joining member comprises a unitary piece of
material.

9. The endoscope according to claim 1, wherein the
plurality of piezoelectric elements are arranged asymmetri-
cally around an outer periphery of a cross section the joining
member, the cross section being perpendicular to the longi-
tudinal direction of the optical element.

10. An endoscope comprising:

an elongated insertion portion inserted in a subject;

an optical element which is inserted from a proximal end
side to a distal end side of the insertion portion and
irradiates the subject with illumination light;

a joining member having an elongated column shape and
at least one planar side face, the joining member
holding the optical element in a cantilever-manner in a
direction parallel to a longitudinal direction of the
insertion portion such that a free end of the optical
element extends from a distal end face of the joining
member; and

a piezoelectric element which swings the free end of the
optical element,

wherein an entirety of the joining member comprises a
unitary piece of material, the joining member having a
through-hole with a diameter based on a diameter of the
optical element, the through hole being provided from
a proximal end face to the distal end face of the joining
member,

the optical element is inserted in the through-hole and is
in contact with an inner circumferential surface of the
through-hole; and

the piezoelectric element having a side face wholly
arranged only on the at least one planar side face of the
joining member, the planar side face being parallel to a
longitudinal direction of the fiber.

11. The endoscope according to claim 10, wherein the

joining member has an elongated polygonal column-shape.

12. The endoscope according to claim 11, wherein the
joining member includes three or more planar side faces.

13. The endoscope according to claim 10, wherein the
through-hole is provided at centers of the proximal end face
and the distal end face of the joining member.

14. The endoscope according to claim 10, wherein the
optical element is fixed in the through-hole of the joining
member with an adhesive.

15. The endoscope according to claim 10, wherein the
joining member includes at least two planar surfaces
orthogonal to each other, wherein the piezoelectric element
is arranged on each of the two planar surfaces.

16. The endoscope according to claim 10, wherein the
joining member is a ferrule.

17. The endoscope according to claim 10, wherein the
piezoelectric element comprises a plurality of piezoelectric
elements arranged asymmetrically around an outer periph-
ery of a cross section of the joining element, the cross
section being perpendicular to the longitudinal direction of
the optical element.



